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Abstract:  Polymers are being used in many industrial 

applications. Among them PTFE is very popular as it is a 
self-lubricating material. In this work it is combined in different 
percentages of weight with alumina (0,5,10,15,20). Samples were 
prepared by powder metallurgy technique. Wear tests were 
performed for various loads of 20,30,40 N with varying 
percentages of reinforcement and at two speeds of 170rpm and 
190 rpm. Shore D hardness was measured for different samples. 
From the experimentation it was found that less wear volume and 
friction force was registered at 15% and 20% reinforced 
composites respectively, whereas  high toughness was observed at 
15% reinforcement. 

 
Keywords : PTFE, powder metallurgy, reinforcement, 

toughness.  

I. INTRODUCTION 

For many years bearing materials have been an interesting 
area for research. Conventional materials which were used for 
bearing manufacturing are now getting replaced with many 
novel materials. Among which polymer composites is also 
most appealable because of its unique properties and 
reasonably economical compared to conventional bearing 
steels. Polytetrafluroethylene (PTFE) is widely used 
thermoplastic polymer. PTFE has unique 
properties like low coefficient of friction, corrosion 
resistant,self lubricant which makes it suitable for 
sliding applications[1-3].  As PTFE is hydrophobic in nature, 
it can be an alternate material when it needs to be operated for 
corrosion resistant environment like water. Yet PTFE has 
certain limitations like low wear resistance, which does not 
permit for sealing application[4-6]. This limitation can be 
improved by filling it with metallic or nonmetallic fillers 
[7-8].Many researchers work was related on conventional 
fillers like carbon fibers, glass fibers, graphite etc. Moreover 
there is a need to look for unconventional fillers which can 
 
 
Manuscript published on January 30, 2020.  
* Correspondence Author 

Akash Jayanthan*, Department of Mechanical Engineering, Amrita 
School of Engineering, Bengaluru, Amrita Vishwa Vidyapeetham, India 

. Email: akash3916jayanthan@gmail.com 
Raghavendra Ravi Kiran K*, Department of Mechanical 

Engineering, Amrita School of Engineering, Bengaluru, Amrita Vishwa 
Vidyapeetham, India .Email: kr_ravikiran@blr.amrita.edu 

Y P Deepthi, Department of Mechanical Engineering, Amrita School of 
Engineering, Bengaluru, Amrita Vishwa Vidyapeetham, India. Email: 
p_deepthi@blr.amrita.edu 
 
      © The Authors. Published by Blue Eyes Intelligence Engineering and 
Sciences Publication (BEIESP). This is an open access article under the 
CC-BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/) 
 

 

cater the growing demands of decreasing wear rate. Tanaka et 
al. found out that filler size and shape of filler also contribute 
tribological properties[9]. They have worked on fillers of 
various shapes and sizes, which concludes the presence of 
variation in tribological behavior. 
 
Alumina is a popular choice as filler for PTFE material. 
Strong compressive strength (2,000 to 4,000 MPa), low 
density, strong gliding properties, strong resistance to 
corrosion and wear, high hardness, mild thermal conductivity 
are the reasons behind this. Aluminum is highly sensitive and 
when exposed to atmospheric oxygen it forms a thin layer of 
aluminum oxide. This surface protects against further 
corrosion of the metal. Using Anodizing process a thin layer 
of oxide is deposited to enhance the properties of substrate. A 
proportion of aluminium in the alloys like bronze is used to 
increase corrosion resistance. 
Researchers [10-14] during their experimentation noticed the 
wear resistance improvement in PTFE composite filled with 
alumina of size 38 nm compared to PTFE polymer. He 
mentioned the value to be 600 times more compared to pure 
PTFE. By adding alumina to PTFE polymer the mechanical 
and tribological properties were observed. An attempt was 
made to find the alternate material for bearings based on 
tribological and toughness properties. 

II. EXPERIMENTATION 

The tribological properties were measured by pin on disc 
tribometer. PTFE required for experimentation was procured 
from modoplast company ltd. Alumina of size was purchased 
from Thomas Bakers Pvt ltd company. PTFE and Alumina 
both in powder form are blended together to produce 
composite material. Alumina of wt% of 5,10, 15,20 are added 
to PTFE. The compaction of the samples was followed by the 
sintering method [14-16].Powder Compaction is the method 
by applying high loads to compress a product powder in a die. 
The devices are typically held vertically with the punch tool 
surrounding the cavity's edge. The powder is then compacted 
and then pushed out of the die cavity. This process is 
economical as the product obtained needs minute work to be 
done for its use in various applications. 
Polymers fuse at room temperature only hence cold pressing 
is used. In this work a Universal Testing Machine is used to 
apply load for compaction. The load used are 50 KN. After 50 
KN crack formation was observed to the specimen. The die 
used is a cylindrical shaped one made of medium carbon steel 
coated with carbide at interfaces. It has a Plunger, stopper and 
hollow cylindrical shape of diameter 10mm. 
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Once after compaction the specimens are sintered using a 
muffle furnace. For a long time, the samples are put under 
high heat. Bonding between the porous aggregate particles 
takes place under heat and as sample gets cooled it forms a 
solid component. 

 

Fig.1  Die used for compaction 

III. EXPERIMENTAL RESULTS AND DISCUSSION 

Hardness 
The composite specimens were in accordance to ASTM 
D2240.  Shore type Durometer has been used for hardness 
testing. The tip calculating the hardness has a 1.1 mm – 1.4 
mm diameter hardened steel rod with a conical point of 30 °, 
0.1 mm radius tip.  The polymers have a property called 
resilience which makes it different from the metals. Due to 
this property they cannot be used in Brinell or Rockwell 
hardness testers for measuring the hardness since the values 
are incorrect. Hence Shore D test is preferred for measuring 
hardness. A load of 10 N is applied for about 15 seconds for 
taking one reading for hardness. Multiple readings are 
considered for the accurate value of hardness. 
 

 

Fig.2: Universal Testing Machine 

 

 

Fig.3 Shore Durometer 

 

Fig 4: Shore D hardness  

It can be inferred from the graph that the highest value of 
hardness was recorded for the 20% composition and lowest 
value was for pure PTFE composition. As Alumina is a soft 
material with the addition of it to the PTFE increases the 
hardness. Hence the strength will be higher for the specimens 
with the increase in percentage of Al2O3 to the composite.  

IV. WEAR AND FRICTION 

The tribological properties were evaluated using pin-on-disc 
tribometer. A pin on Disc tribometer consist of rotating disc 
and a fixture that can hold specimen. The specimen gets in 
contact with disc on application of load. Linear variable 
differential transducer (LVDT) mounted on the machine that 
helps in recording the height loss and frictional force. 
The sample were made to a dimensions ϕ10x20 mm height, 
whereas the disc was of material high  carbon EN31 steel with 
HRC 60 hardness. Dry-sliding wear testing was performed 
using a PC assisted pin-on-disk wear-testing machine at 170 
and 190 rpm for 20-40 N average while maintaining a sliding 
distance of 2000 m and 120 mm track width. Wear checks are 
carried out in conjunction with the standard ASTM G99. 
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Fig. 5 Wear Testing Machine 

Table 1: Details of factor considered and levels 

Line plots of wear:WEAR RESULTS for 170 rpm 

 

Fig.6 Wear Plot for 170 rpm 

The graphs show the wear values for 170 and 190 rpm for 
different compositions of reinforcement. The highest value 
was recorded for pure PTFE for 40N load and the least value 
was recorded for 15% composition for 20N load. 

 

Fig.7 Wear Plot for 190 rpm 

 

Fig.8 Load Vs Frictional force at 170rpm 

 

Fig.9 Load Vs Frictional force at 190rpm 

The fig. 8 and fig. 9 the shows dependency of  frictional 
force on load for varying filler contents at 170 and190rpm 
respectively. As the load rises, there is an increase in frictional 
force which may be observed.  

V.   CONCLUSIONS 

Adding Al2O3 as a filler to PTFE has been shown to be an 
effective technique for increasing the composite's wear 
resistance. It can be found from the experimental work on 
PTFE and Al2O3 composite that as the percentage of 
reinforcement increases, the material's hardness increases as 
well. From the experimentation, it was observed that the 
reinforcement of 15% composite has least wear value 
(microns) and as we increase the reinforcement from 0% to 
15%.Beyond 15% of the reinforcement addition to PTFE 
showed increase in wear rate. Also it can be concluded that as 
the surface contact area increases with increase in load, 
thereby enhances frictional force. The composite filled with 
20% alumina exhibited lower frictional force compared to 
other compositions. 
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Factor 

Code 

Factor Number of 

Levels 

Different 

Levels 

A 
Composition 

(Weight %) 
5 

0, 5, 10, 

15,20 

B Speed (rpm) 2 170, 190 

C Load(N) 3 20, 30,40 



 
Effect of Aluminium Oxide Filler Composition on Thermoplastic Polymer 

 

737  

Retrieval Number: E4835018520 /2020©BEIESP 
DOI:10.35940/ijrte.E4835.018520 
Journal Website: www.ijrte.org 
 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

 

 
 

 
 

6. Anandarao R.K.R,Srinivasan, S,Rommala, H.R, Deepthi Y.P, “ 

Evaluation of hybrid PTFE composite by analytical hierarchy process 
(AHP) method” , International Journal of Mechanical Engineering and 

Technology, 9(9), pp. 1182-1192,  
7. Kumar P.S, Vinayak M.S, Vaishak, V.N, Deepthi Y.P,“Experimental 

investigation on tribological properties of PTFE based composite”, 

AIP Conference Proceedings 2148, 030023 (2019) 
8. Ich-Long Ngo, Sangwoo Jeon, Chan Byon,Thermal conductivity of 

transparent and flexible polymers containing fillers: A literature 
review, Int. J. of Heat and Mass Transfer 98 (2016) 219–226.  

9. K. Tanaka, Y. Uchiyama, and S. Toyooka, “The mechanism of wear of 

polytetrafluoroethylene,” Wear, vol. 23, no. 2, pp. 153–172, 1973.  
10. W. Sawyer, K. Freudenberg, P. Bhimaraj, L. Schadler, A study on 

thefriction and wear behavior of ptfe filled with alumina 
nanoparticles,Wear 254 (2003) 573–580.[2] 

11.  D. Burris, W.G. Sawyer, Tribological sensitivity of 
ptfe-aluminananocomposites to a range of traditional surface finishes, 
Tribol.Trans. 48 (2005) 1–7.[3]  

12. H.N. Hashemi, J.T. Blucher, J. Mirageas, Fraction and Wear Behavior 
of Aluminum-Graphite Composites as a Function of Interface and 
Fiber Direction,Wear. 150 (1991) 21–39.  

13. A.G. Wang, I.M. Hutchings, Wear of alumina fibre-aluminium metal 
matrix commina fibreposites by two-body abrasion, Mater. Sci. 
Technol. 5 (1989) 71–76.  

14. Y PDeepthi, K.PrakashMarimuthu, K.Raghavendra Ravi Kiran, 
Performance Test of cryogenically treated and coated tungsten carbide 
cutting inserts, Applied Mechanics and Materials.813-814 (2015) 
575-580.  

15. Y  P Deepthi and M Krishna, Optimization of Electroless Copper 
coating parameters on graphite particles using Taguchi and Grey 
Relational Analysis, Materials Today: Proceedings,2018 , 5(5), pp. 
12077-12082. 

16. S. Kumar Sahu et al., "Dynamic Mechanical Thermal Analysis of High 
Density Polyethylene Reinforced with Nanodiamond, Carbon 
Nanotube and Graphite Nanoplatelet", Materials Science Forum, Vol. 
917, pp. 27-31, 2018 

AUTHORS PROFILE 

 
 

Akash Jayanthan , currently pursing B.Tech in 
Mechanical Engg. in Amrita University, Bangalore 
India. 

 
 

 
    
Raghavendra Ravi Kiran K , currently working as 
Assistant Professor in the Department of Mechanical 
Engineering at Amrita University, Bangalore located in 
India.  M.Tech in Computer integrated Manufacturing, 
Pursuing Ph.D in Materials science, six publications. 

 
 

Y P Deepthi currently working as Assistant Professor in 
the department of Mechanical at Amrita University, 
Bangalore located in India. The author did her masters in 
RV Engineering college, Bangalore. Presently pursuing 
PhD program in polymer composite at VTU Belgaum. 

She has 12 publications to her credit. She is also a member of ISTE.  
 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www2.scopus.com/authid/detail.uri?authorId=57207928308&amp;eid=2-s2.0-85063272068
https://www2.scopus.com/authid/detail.uri?authorId=57198821199&amp;eid=2-s2.0-85063272068
https://www2.scopus.com/authid/detail.uri?authorId=57204200337&amp;eid=2-s2.0-85063272068
https://www2.scopus.com/authid/detail.uri?authorId=57195225075&amp;eid=2-s2.0-85063272068
https://www2.scopus.com/authid/detail.uri?authorId=57206834856&amp;eid=2-s2.0-85072269519
https://www2.scopus.com/authid/detail.uri?authorId=57211019517&amp;eid=2-s2.0-85072269519
https://www2.scopus.com/authid/detail.uri?authorId=57211024838&amp;eid=2-s2.0-85072269519
https://www2.scopus.com/authid/detail.uri?authorId=57195225075&amp;eid=2-s2.0-85072269519

